99,316/1105.025 

CERTIFICATE OF MAILING BY "EXPRESS MAIL" 
I hereby certify that this paper or fee is being deposited on 11/02/01 with the United 
States Postal Service "Express Mail Post Office to Addressee" service under 37 C.F.R. 
1.10 as Express Mail Label No. ET371327097US and is addressed to : Assistant 
5 Commissioner for Patents, Washington, D.C. 0203 1 . 



Related Application 

This application claims the benefit of U.S. Provisional Patent AppUcation Sen 
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FIELD OF THE INVENTION 

The present invention relates in general to a mounting assembly for attaching a 
device to a rounded surface and more particularly to a magnet mounting assembly for 
20 detachably mounting a device to a rounded magnetic surface and to methods for 

detachably mounting a device to a rounded magnetic surface. This invention also relates 
to a combination of a measurement device and a storage tank that have been coupled to 
one another utiUzing this magnet mounting assembly. 

25 BACKGROUND INFORMATION 

Storage tanks for fuel, oil, propane, natural gas, and other liquid materials are 
typically cylindrical or spherical. Since the majority of these storage tanks are made of 
ferrous materials, a magnet mounting base is one choice for making a semi-permanent 
attachment to the tank, Le,, an attachment that is stably and securely mounted but that can 

30 be easily detached, if desired. However, the curved or rounded external shape of the tank 
does not lend itself to the attachment of the flat magnet mounting bases known in the art. 
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as, for example, described in U.S. Pat. Nos. 3,206,905 to Wavering et al. and 5,585,809 
to Yajima et al, the disclosures of which are My incorporated herein by reference. 
Also, in another example of a magnet mountmg base with a flat planar contact edge on its 
base, U.S. Pat. No. 5,405,004 to Vest et al, the disclosure of which is fully incorporated 
herein by reference, describes a cup style magnet for use in attaching a tray to a metal 
surface where a magnet is disposed within a cup-shaped ferromagnetic support having a 
cylindrical side wall that terminates at a generally ckcular and planar support rim. U.S. 
Pat. No. 5,699,910 to Kubat describes a pan of pivotal magnet assembhes to couple a 
tray to a non-flat surface. 

One approach for magnet mounting bases is the use of magnet support legs, as for 
example described in U.S. Pat. No. 4,363,402 to Grzyll, to prevent a receptacle from 
moving when placed on an inclmed surface. Another approach for magnet mounting 
bases is the use of spaced apart magnet bars and a support ring disposed between tiie 
bars, as for example described in U.S. Statutory Invention Registration No. H865 to Sery 
et al. for attaching a torch to a flat, curved, or irregular magnetic surface. 

An easily detachable magnet mounting base that fastens securely and stably to a 
rounded magnetic surface without the complexity of additional movable parts, such as 
pivotal components, or without the complexity of fabricating multiple permanent 
magnets as bars or legs into a mounting base, would be advantageous for reliable and 
economical attachment of various devices to rounded surfaces, such as to the typically 
cylindrical or spherical exterior surfaces of storage tanks. 

SUMMARY 

One aspect of the present invention pertains to a magnet mounting assembly for use in 
detachably mounting a device to a rounded ferromagnetic surface of a Uquid storage tank. 
The assembly includes a ferromagnetic support plate including a central axis, and an 
interior face. A ferromagnetic plate extension depends from the interior face, and a 
permanent magnet is disposed on the mterior face. The plate extension is sized and 
shaped with a plurality of axial heights relative to the plate, to form a plurality of legs 
having terminal edges configured to engage the rounded ferromagnetic surface at a 
plurality of non-contiguous locations thereon. This and the other embodiments of this 
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invention advantageously provides a single mounting assembly capable of making secure 
and stable contact with rounded surfaces of various topologies, including both cylindrical 
and spherical topologies. 

Another aspect of this invention pertains to a method of detachably mounting a 
5 device to a rounded magnetic surface. The method includes providing a magnet 

mounting assembly of the type set forth in the previous paragraph, providing a device, 
and disposing the device on an exterior face of said support plate to form a magnetic 
mounting device. The method further includes engaging the magnetic mounting assembly 
with a rounded magnetic surface, so that the terminal edges of the legs contact the 
10 rounded magnetic surface in a plurality of non-contiguous locations thereon. 

Still another aspect of the present invention pertains to a measurement 
device/storage tank assembly including a storage tank having an exterior rounded 
Q ferromagnetic surface, and a magnetic mounting measurement device disposed thereon. 

Q The magnetic mounting measurement device includes a measurement device and a 

jits 

% 1 5 magnet mounting assembly fastened to one another. The magnet mounting assembly 
(11 includes a ferromagnetic support plate having a periphery, an exterior face, an interior 

face, and a plate extension disposed on said periphery, the plate extension being on the 
; same side of said support plate as the interior face and having a plurality of heights, 
Q wherein the plate extension has four legs having heights greater than the heights of the 

; 20 remainder of the plate extension. A permanent magnet is disposed on the interior face of 

the support plate, so that terminal edges of the four legs are magnetically engaged with 

the rounded magnetic surface at four non-contiguous locations thereon. 

As one of skill in the art will appreciate, features of one embodiment and aspect 

of the invention are appUcable to other embodiments and aspects of the invention. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of this invention will be more 
readily apparent from a reading of the following detailed description of various aspects of 
the invention taken in conjunction with the accompanying drawings, in which: 
30 Figure 1 is a bottom view of one embodiment of a magnetic mounting assembly 

of the present invention; 
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Figure 2 is a cross-sectional elevational view taken along 2-2 of Figure 1; 
Figure 3 is a view similar to that of Figure 1, of an alternate embodiment of the 
present invention; 

Figure 4 is a cross-sectional elevational view taken along 4-4 of Figure 3; and 
5 Figure 5 is a view similar to that of Figure 4, including a measurement 

device/storage tank assembly of the present invention. 

DETAILED DESCRIPTION 

Referring to the figures set forth in the accompanying Drawings, the 
1 0 illustrative embodiments of the present invention will be described in detail 

hereinbelow. For clarity of exposition, like features shown in the accompanying 
drawings shall be indicated with like reference numerals and similar features as shown 

I in alternate embodiments in the drawings shall be indicated with similar reference 
numerals. 

p 15 One aspect of the present invention pertains to a magnet mounting assembly for 

use in detachably mounting a device to a rounded magnetic surface. The magnet 

Hi 

mounting assembly of this invention is particularly preferred for use in detachably 
^ mounting a measurement device to the exterior cylindrical or spherical magnetic surface 

^ of a storage tank, such as for example, to storage tanks of various diameters and 

II 20 geometries such as round or spherical with diameters between 3 and 9 feet. As used 

''I 

herein, the term "ferromagnetic" pertains to the property of a material in which the 
internal magnetic moments spontaneously organize in a common direction. The term 
"axial" and/or "axially" refers to a direction substantially parallel to tiie central axis of 
circular support plate 35 as shown in the Figures. The term "transverse" refers to a 

25 direction substantially orthogonal to the axial direction. The term "non-contiguous " as 
used herein, means not touching or not in continuous connection. 

Referring to Figures 1 and 2, one embodiment of the magnet moimting assembly 
50 of the present invention includes a ferromagnetic support plate 35 having interior and 
exterior faces 30 and 3 1 , respectively. At least one ferromagnetic plate extension (also 

30 referred to as a leg) 15, extends axially from interior face 30, and terminates at distal edge 
10 thereof. Attached to face 30 is at least one permanent magnet 40. Magnet 40 may 
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include substantially any of a variety of pennanent magnets known in the art. Suitable 
permanent magnets include, but are not limited to, ceramic disc magnets. In one 
embodiment, the magnet is bonded to the interior face 30 of the support plate 35 with a 
bonding adhesive, such as, for example, an epoxy-based adhesive, hi the embodiment 
5 shown, a single annular (e.g., generally doughnut shaped) magnet 40 is used. 

Alternatively, magnet 40 may include a plurality of magnets disposed in spaced relation 
along the periphery of the plate 35. 

As shown, assembly 50 may include a plurality of legs 15, each terminating at an 
edge 10, being disposed axially further from plate 35 than those portions of the plate 
10 terminating axially at edges 20. In one embodiment, edges 20 may be disposed on plate 
35, while alternatively, edges 20 may be disposed on plate extensions (walls) having an 
axially dimension less than that of legs 15. As illustrated in Figure 1, the magnet 
mounting assembly 50 has four legs 15 plate extension. The distribution and width of the 
Q legs 1 5 plate extension may vary over a wide range, depending on the desired application, 

^ 15 as long as they make a secure and stable contact and are in contact at spaced mutually 
non-contiguous locations on the rounded ferromagnetic surface 55 (Figure 2) on which 
ill they are placed, 

|>4 A magnet mounting base of a cup style magnet with a doughnut shaped magnet 

potion surrounded by a ferromagnetic cup with a flat and planar circular outer perimeter 

i II 20 edge, as for example described in U.S. Pat. No. 5,405,004 to Vest et al, may contact a 
rounded ferromagnetic surface in two non-contiguous locations but would not be stably 
and securely attached due to the limited and inefficient amount and the unbalanced 
distribution provided by only two contact points at once between the planar outer 
perimeter edge and the rounded magnetic surface. The ferromagnetic cup around the 
25 permanent magnet may be altered to have a rounded "saddle" shape along the outer 

perimeter edge in order to match and contact the rounded magnetic surface in contiguous 
locations and to provide a secure and stable attachment. However, it would be 
problematical and complex to fabricate this "saddle" shape for the outer perimeter edge 
to give an exact fit, especially in view of the variety of curvatures present in various 
30 magnetic surfaces to which it is desired to attach a device. In the case of the "saddle" 
shape, if the fit is not exact and contiguous at all locations, the attachment may not be 
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secure and stable and may not provide the desired vertical orientation of the device on the 
rounded magnetic surface. 

As illustrated in Figure 1, the support plate 35 may also include an aperture 32 
through which a fastener may be inserted in order to attach a device, such as some type of 
5 a measurement device 65 (Figure 5), to the exterior support plate 35, as will be discussed 
hereinbelow. The fastener may include nominally any of the fasteners known in the art 
of fastening multiple parts together, such as, for example, a bolt that maybe screwed into 
a threaded opening on the device. Other forms of attachment of the device to the support 
plate maybe utiKzed, such as, for example, rivets and bonding adhesives. Also, the 
10 ferromagnetic support plate 35 may mclude another aperture 34 for use in aligning the 
device in a desired location and orientation on the support plate 35 of the magnet 
mounting assembly 50. 

Turning to Figure 2 in particular, edges 10 of two of the legs 15 are shown in 
Q contact at non-contiguous locations with rounded magnetic surfece 55. Magnet 40 is 

■p« 15 attached to the interior face 30 of a ferromagnetic support plate 35 whose exterior face 31 
;;^J IS on the side opposite to the interior face 30. In this cross-sectional side view of Figure 

ijl 2, the ferromagnetic support plate 35 may also have an aperture 32 through which a 

|,„i fastener may be inserted in order to attach a device to the exterior face 3 1 of the support 

i;;: plate 35 and may have an aperture 34 for use in aUgning the device in a desired location 

■tip 

ill 20 and orientation on the support plate 35 ofthe magnet mounting assembly 50. 

i;- . The ferromagnetic support plate 35 ofthe present invention, including its 

perimeter and surfaces, may be fabricated in a variety of sh^es and configurations, as 
long as it is capable of supporting both the attachment of at least one permanent magnet 
40 and includes a suitable ferromagnetic plate extension comprising, for example, two or 
25 more legs or a V-block (as discussed hereinbelow), for secure and stable attachment to a 
rounded magnetic surface, and as long as the support plate 35 is capable of supporting the 
desired device on the side of the support plate opposite the pennanent magnet (e.g., on 
the exterior face thereof). In a preferred embodiment, the support plate is substantially 
flat and, preferably, the plate extension is substantially perpendicular (i.e., extending 
30 axiaUy therefrom).. Suitable shapes for the perimeter ofthe support plate 35 include 
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rounded shapes, such as circular and elliptical, and non-rounded shapes, such as square 
and rectangular. 

As shown, magnetic surface 55, to which the magnet mounting assembly 50 of 
this invention attaches to, may be of substantially any topography, including non-planar 
5 surfaces such as generally rounded convex, concave, or otherwise arcuate surface, for 
example, cylindrical surfaces, spherical surfaces, and/or combinations thereof In a 
preferred embodiment, the rounded magnetic surface 55 may be an exterior surface of a 
storage tank. Moreover, the present invention may also advantageously be used on 
substantially planar surfaces. 
10 The ferromagnetic metals utilized in the support plate 35 and the plate extension 

(legs) 15 of the assembly 50 may comprise any of the ferromagnetic metals known in the 
art. Suitable ferromagnetic metals include, but are not limited to, iron and nickel. Using 
h'= such materials effectively enables the assembly 50 to direct the magnetic flux from the 
% magnet 40 to the distal edges 10 of the plate extension (e.g., legs or V-block) 15, to 
^ 15 achieve a strong magnetic linkage ofthe assembly 50 to the surface 55. 
.i;'; In a particular embodiment of the present invention, magnet mounting assembly 

nil 

;Z 50 may optionally mclude a non-sparking layer 36 superposed with support plate 35 
f and/or plate extension 1 5, as partially shown in phantom. Such a construction may be 

desirable in the event the assembly 50 is used to mount devices to Uquid gas or other fuel 
;;;f, 20 storage tanks in which there may be a hazardous level of a flammable vapor present. The 
Q layer 36 thus helps insure that no sparks are generated in the event assembly 50 is 
dropped or is otherwise struck against the surface of the storage tank or some other 
object. Suitable materials from which the non-sparking surface layer 36 may be 
constructed, include those known in the art of non-sparking surface layers on a metal, 
25 such as, for example, brass or stainless steel. Referring to Figures 3 and 4, an alternate 
embodiment of the present invention is shown as magnet mounting assembly 50'. This 
embodiment is substantially similar to assembly 50, excepting that wall 15' extends 
substantially continuously about the periphery of plate 35. 

As best shown in Figures 3 and 4 edges 10' of opposite portions of wall 15' may 
30 extend obliquely (at angle a as shown) relative to the transverse direction to define a pair 
of planes 16 that intersect with one another at a line 17 (shown in phantom in Figure 3). 
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(Each of these opposite wall portions thus effectively form opposite *legs\) As also 
shown, the maximum axial height of the edges 10' is greater than the axial height of 
magnet 40. Moreover, as also shown, the axial height of the edges 10\ may be chosen in 
combination with angle a, so that the magnet 40 does not extend through the planes 16, 
5 to advantageously help prevent contact of the magnet with surface 55, In this maimer, 
wall 15' of magnet mounting assembly 50' effectively forms a conventional V-block type 
arrangement, in which the edges 10' comprise a V-groove, having an apex 17 thereof. In 
such a configuration, portions of the edges 10' make nominally tmigential contact with 
magnetic surface 55, to provide a stable support, and to enable magnet 40 to make 
10 magnetic contact (nominally without making physical contact) with the surface 55. 

The edges 10, 10' of legs 15 define a geometry (e.g., a notional circle as shown in 
Fig, 1, or an actual circle as shown in Fig. 3) having a transverse dimension d (Fig. 4), 
which, in the embodiments shown, is nominally equivalent to the maximum transverse 
m dimension (e.g., diameter) of plate 35. The skilled artisan will recognize, however, that in 

^ llJ 15 the event the legs 1 5 extend obliquely relative to plate 35, then the transverse dimension 
d may be greater or less than the maximum transverse dimension of plate 35. Moreover, 
; j4 although the geometries defined by legs 15 are shown as circles, the skilled artisan will 

^ recognize that substantially any geometry, such as ovals, squares, or other polygons, may 

be defined by legs 1 5 without departing from the spirit an scope of the present invention. 

j;!! 20 Various embodiments of the present invention are provided with a numerical ratio 

^ !: 

fjl (d : a) of transverse dimension d (in inches) to angle a (in degrees) within a range of 

about 1 :0.5 to 1 :2. Particular embodiments may include a ratio of (d : a) within a range of 
about 1 : 1 to 1 : 1 .5. These ranges of angle a facihtate forming a secure V-block mating to 
a surface 55 having a radius of curvature r between about 1.5 and 4.5 feet, such as found 

25 on the storage tatiks described hereinabove. 

For example, in an embodiment in which the transverse dimension d is 
approximately 2 inches, oblique angle a of the V-groove maybe fi-om 1 to 4 degrees, and 
moreover, may be fi-om 2 to 3 degrees. The skilled artisan will recognize, however, that 
other ranges of angle a may be used for mounting to surfaces having other ranges of 

30 radii, without departing fi-om the spirit and scope of the present invention. 
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Moreover, although the V-block arrangement is shown and described with respect 
to the generally cylindrical wall 15' of Figures 3 and 4, it may also be used m conjunction 
with the other discrete-legged embodiments disclosed herein, including those shown and 
described with respect to Figures 1, 2, and 5, without departing from the spirit and scope 
of this invention. For example, an assembly 50 having three, four, or more legs 15 may 
include one or more edges 10 that extend obUquely as described hereinabove, to define a 
V-groove. Moreover, additional V-grooves may be added to the continuous-plate 
extension embodiment of Figures 3 and 4. For example, a second V-groove having an 
apex line 17* (shown in phantom in Figure 3) disposed orthogonally to line 17, may be 
provided to form an assembly having four circumferentially continuous legs configured 
to engage surface 55 in four non-contiguous locations thereon. 

Turning now to Figure 5, another aspect of the present invention includes a 
measurement device/storage tank assembly 75 including a storage tank having a rounded 
magnetic surface 55, and a magnetically mounted measurement device disposed at a 
desired position thereon. The magnetically mounted measurement device includes a 
measurement device 65 and a magnet mounting assembly 50, 50' as described 
hereinabove. 

As shown, measurement device 65, such as, for example, a conventional propane 
monitor, is coupled to the exterior face 31 of support plate 35 utilizing a fastener 33 
extending through aperture 32 of the support plate 35 (not drawn to scale). An aperture 
34 may optionally be provided/used to help position the device 65 in a desired location 
and orientation on the support plate 35, either by enabling a user to look through the 
aperture 34 to provide a visual indication of proper aUgnment, or by enabling a pin or 
other fastener (not shown) to pass from the device 65 through the aperture. 

In one embodiment of the measurement device/storage tank assembly 75 of this 
invention, the plate extension includes four legs 15 having heights greater than the 
heights of the remainder of the plate extension, and contacts the rounded magnetic 
surface 50 in four non-contiguous locations thereon, hi another embodunent, the plate 
extension forms a V-block, m which edges 10, 10' form a V-groove, as discussed 
hereinabove, and tangentially contact the rounded magnetic surface. 
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Additional aspects of the invention include a method of detachably mounting a 
device 65 to a rounded magnetic surface, which method includes providing a magnet 
mounting assembly 50, providing a device 65, engaging the device with the support plate 
35, and engaging the magnetic mounting device to a rounded ferromagnetic surface, so 
that edges of the legs engage the rounded ferromagnetic surface in a plurality of non- 
contiguous locations thereon. 

In another embodiment, the method of mounting a device of this invention 
includes using a mounting assembly 50' configured as a V-block. In this embodiment, 
the flux from the magnet 40 is directed to the edge, so that a V-groove of the V-block 
contacts the rounded ferromagnetic surface tangentially. Optionally, the V-groove may 
make contact at four non-contiguous locations on the rounded magnetic surface. 

Additionally, rather than forming a V-groove, edges 10, 10' may be configured to 
define various other geometries, such as portions of a sphere, cylinder, or cone, without 
departing firom the spirit and scope of the present invention. 

In a fijTther variation of the foregoing methods of the present invention, the 
support plate of the magnet mounting assembly may be provided with an aperture, and 
the method may include coupling a device to the exterior face of the support plate using a 
fastener extending through the aperture. Moreover, alternatively, the support plate may 
include an aperture 34, and the method may include aligning the device on the support 
plate in a desired position and orientation by mating a structure (e.g., a pin) on the device 
with the aperture 34. 

Typically, when detachably mounting the device including the magnet mounting 
assembly of the present invention to a rounded magnetic surface, the device is placed on 
the rounded magnetic surface and then is rotated slightly until a stable mounting is 
obtained in which the edge 10, 10' contacts the rounded magnetic surface in several (e.g., 
four) non-contiguous locations. This non-contiguous contact tends to prevent rocking of 
the assembly relative to the surface 55, such as may otherwise occur due to imperfections 
in the surface 55. Moreover, as discussed hereinabove, the non-contiguous contact 
advantageously permits the assembly 50, 50' of this invention to make stable (i.e., non- 
rockmg) contact with surfaces 50 having a variety of topologies. For example, the four- 
legged assembly shown in Figures 1 and 2 may be used to provide stable contact with 
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both spherical and cylindrical surfaces 55. This contrasts with three legged 
configurations which tend to provide stable engagement with spherical surfaces, but not 
with cylindrical surfaces. 

While the invention has been described in detail and with reference to specific 
embodiments thereof, it will be apparent to one skilled in the art that various changes and 
modifications can be made without departing firom the spirit and scope thereof. 
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